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(54) An electiosui^cil Instfivnem and electnxto assonr^ly 

(57) An electrosurgical Instrument for treating tissue with RF energy In the presence of an electrically 
conducthre fluid* comprises an instrument shaft 10 connectableto a handpiece and an electrode.assambly 12 
at the end of the shaft The electrode assembly 12 comprises a tissue contact electrode 14 and a return 
electrode 18 which is spaced from and electrically insulated from the tissue contact electrode by means of an 
insulation member lOL The tissue contact elearode 14 is exposed at the extreme distal end 14a of the 
instrument and has a part-spherical surface. The distal end 14a may be axially extendable to a position spaced 
from the insulation member thus enlarging the electric field pattern for tissue desslcation rather than tissue 
vaporisation. 
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AN ELECTROSURGICAL INSTRUMENT 

This invention relates to an electrosurgical tnstniment for the treatment of tissue in tfie 
5 presence of an electrically conductive fluid medium, to electrosurgical ^paratus 
including such an instrument, and to an electrode unit for use in such an instrument. 

Endoscopic electrosurgeiy is useful for treating tissue in cavities of the body, and is 
normally performed in die presence of a distension medium. What the distension 

10 medium is a liquid, this is commonly referred to as underwater electrosurgeiy, tfiis term 
denoting electrosurgeiy in which living tissue is treated using an electrosurgical 
instrument witfi a treatment dectrode or electrodes immersed in liquid at tiie q>eration 
site. A gaseous medium is commonly employed when endoscopic surgery is performed 
* in a distoisible body cavity of larger potential volume in which a liquid medium would 

15 be imsuitabie, as is often the case in laparoscopic or gastroenterological surgery. 

Underwater surgery is commonly performed using endoscopic techniques, in vAdA the 
endoscope itself may provide a conduit (commonly referred to as a working channel) 
for die passage of an electode. Alternatively, the endoscope may be specifically 

20 adapted (as in a resectoscope) to include means for mounting an electrode, or the 
electrode may be introduced into a hodf cavity via a separate access means at an angle 
with respect to the endoscope • a technique commonly referred to as triangulation. 
These variations in technique can be subdivided by surgical speciality, where one or 
other of the techniques has particular advantages given die access route to the specific 

25 body cavity. EndosoHpes with integral working channels, or diose characterised as 
resectoscopes, are generally employed when die body cavity may be accessed dirough 
a natural body opening - such as the cervical canal to access the endometrial cavity of 
the uterus, or the urethra to access the prostate gland and the bladder. Endoscopes 
specifically designed for use in the endometrial cavity are referred to as hysteroscopes, 

30 and those designed for use in the urinary tract include cystoscopes, urethroscopes and 
resectoscopes. The procedures of transurethal resection or vqxirisation of the prostate 
gland are known as TURP and EVAP respectively. When diere is no natural body 



2 

opening through which an endoscope may be passed, Ae technique of triangulation is 
commonly employed. Triangulation is commonly used during underwater endoscopic 
surgery, on joint cavities such as the knee and die shoulder. The endoscope used in 
these procedures is commonly referred to as an ardiroscope. 

5 

ElecKrosurgeiy is usually carried out using eidier a monopolar instrument or a bipolar 
instrument Widi monopolar electrosurgery, an active electrode is used in die operating 
region, and a conductive return plate is . secured to the patient's skin. Witfi this 
arrangement, current passes fiom the active electrode dirough the padent's tissues to 

10 die external return plate. Since the patient rq;>resent5 a significant portion of the 
circuit, input power levds have to be hig|i (typically 1 SO to 250 watts), to compensate 
for die resistive current limiting of die patient's tissues and, in the case of underwater 
electrosurgery, power losses due to the fluid medium which is rendered partially 
conductiviB by the presence of blood or odier body fluids. Using high power with a 

15 monopolar arrangement is also hazardous, due to the tissue heating that occurs at die 
return plate, which can cause severe skin bums. There is also the risk of capacitive 
coupling between die instrument and padent tissues at die entry point into die body 
cavity. 

20 Widi bipolar electrosurgeiy, a pair of electrodes (an active electrode and a return 
electrode) are used together at die tissue q>plication site. This arrangement has 
advantages from the safety standpoint, due to the relative proximity of the two 
electrodes so that radio frequency currents are limited to the region between the 
electrodes. However, die d^th of effect is directly related to the distance between the 

25 two electrodes; and, in applications requiring very small electrodes, the inter-electrode 
spacing becomes very small, thereby limiting tissue effect and die output power. 
Spacing the electrodes further apart would oflen obscure vision of the q>plication site, 
and would require a modification in surgical technique to ensure direct contact of both 
electrodes with the tissue. 

30 
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There are a number of variations to the basic design of the bipolar probe. For 
example, U.S. Patent Specification No. 4706667 describes one of the fundamentals of 
the design, namely tfiat the ratio of the contact areas of the return electrode and of the 
active electrode is greater than 7:1 and smaller dian 20:1 for cutting purposes. This 
5 range relates only to cutting electrode configurations. When a bipolar instrument is 
used for desiccation or coagulation, the ratio of the contact areas of the two electrodes 
may be reduced to approximately 1 : 1 to avoid differential electrical stresses occurring 
at iht contact between die tissue and the electrode. 

10 The electrical juncticHi between the return decdrode and tissue can be supported by 
wetting of die tissue by a conductive solution sudi as normal saline. This ensures that 
the surgical effect is limited to die needle or active electrode, with the electric circuit 
between the two electrodes being completed by die tissue. One of the obvious 
limitations widi the design is that the needle must be completely buried in the tissue 

15 to enable, the return electrode to complete the circuit Another problem is one of the 
orientation: even a relatively small diange in qiplication angle from die ideal 
perpendicular contact widi respect to the tissue surface, will change the contact area 
ratio, so that a surgical effect can occur in die tissue in contact with the return 
electrode. 

20 

Cavity distension provides space for gaining access to the operation site, to improve 
visualisation, and to allow for manipulation of instruments. In low volume body 
cavities, particulariy where it is desirable to distend the cavity under higher pressure, 
liquid rather than gas is more commonly used due to better optical characteristics, and 
25 because it washes blood away from the operative site. 

Conventional underwater electrosurgeiy has been performed using a non-conductive 
liquid (such as l.S% glycine) as an irrigant, or as a distension medium to eliminate 
electrical conduction losses. Glycine is used in isotonic concentrations to prevent 
30 osmodc changes in the blood when intra-vascular absorption occurs. In die course of 
an operation, veins may be severed, with resultant infusion of the liquid into the 



circulaticm, which could cause, among other things, a dilution of serum sodium ^ich 
can lead to a condition known as water intoxication. 

The q>pUcants have found that it is possible to use a conductive liquid medium, such 
5 as normal saline, in underwater endoscopic electrosurgery in place of non-conductive, 
electrolyte^free solutions. Normal saline is the preferred distension medium in 
underwater endoscopic surgery ^en electrosurgery is not contemplated, or a 
non-electrical tissue effect such as laser treatment is bang used. Although normal 
saline (0.9%w/v; ISOnunol/l) has an electrical conductivity somewhat greater dian that 
10 of most body tissue, it has the advantage diat di^lacement by absorption or 
extravasadon from die opmAve site produces litde physiological effect, and the 
so-called water intoxication effects of non-conductive, electrolyte-free solutions are 
avoided. 

IS: Carbon dioxide is the preferred gaseous distension medium, primarily because of its 
non-toxic nature and high water solubility. 

In endoscopic procedures in vAidi die distension medium is a gas, die applicants have 
found that it is possible to use an electrically-conductive gas (such as argon) in place 

20 of carbon dioxide. Argon is conductive vAien excited into a discharge state, and has 
been employed in both endoscopic and conventional monopolar electrosurgery as a 
mediod of increasing the distance between the tissue and the instrument, by providing 
a conductive padi between die two when high voltage electrosurgical outputs such as 
spray or fulgurate are being used. The high voltages used in diis q)plication result in 

25 a veiy low penetration of the electrosurgical effect into the tissue, making the technique 
only suitable to control bleeding from multiple small blood vessels. This allows the 
surgeon to stanch bleeding from multiple sites in a surgical wound using a rapid 
''painting'* technique, radier than applying electrosurgery to each individual bleeding 
site. The argon gas is deiivered through a hollow surgical instrument, and passes over 

30 the monopolar electrode exposed at the tip of the instrument as a stream. This 
produces a region at die operative site vMch is rich in argon, and which contributes 
to the distension of the body cavity. High voltage monopolar electrosurgical outputs 



5 

are undesirable in endoscopic surgeiy. because of the risks of damaging structures 
outside the field of vision, by eidier capacitive or direct coupling to a portion of the 
instrument remote from the operative site often outside the field of vision of the 
operator. 

5 

The vplicants have developed a bipolar instrument suitable for underwater 
electrosurgeiy using a conductive liquid or gaseous medium. This electrosurgical 
instrument fw die treatment of tissue in the presence of a fluid medium, comprises an 
instrument body having a han4)iece and an instrument shaft and an electrode assembly, 

10 at one end of the shaft. The electrode assembty comprises a tissue contact electrode 
>^ch is e3q)osed at the extreme distal end of the instrument, and a return electrode 
which is electrically insulated from Ihe tissue contact electrode and has a fluid contact 
surface spaced proximally from die eqiosed part of fte tissue contact electrode. In use 
of the instrument, die tissue contact electrode is q>plied to die tissue to be treated 

15 vrfiilst the return electrode, being spaced proximally from die exposed part of die tissue 
contact electrode, is normally q>aced from die tissue and serves to complete an 
electrosurgical current loop from die tissue contact electrode dirough die tissue and die 
fluid mediunx This electrosurgical instrumoit is described in die specification of die 
applicants' co-pending British Patent Applicaticm No. 9512889.8. 

20 

The electrode structure of this instrument, in combination widi an electrically* 
conductive fluid medium largely avoids the problems experienced widi monopolar or 
bipolar electrosurgery. In particular, input power levels are much lower than diose 
generally necessaiy widi a monopolar arrangement (typically 100 watts). Moreover, 
25 because of die relatively large spacing between its electrodes, an improved depth of 
effect is obtained compared widi conventional bipolar arrangements. 



The aim of the invention is to provide an improved electrosurgical instrument of this 
^pe. 

30 
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The present invention provides an electrosuisical instrument for the treatment of tissue 
in die presence of an electrically-conductive fluid medium, the instrument comprising 
5 an instrument diafi, and an electrode assembly at one end of the shaft, the electrode 
assembly comprising a tissue contact dectrode and a return electrode which is 
electrically insulated from die tissue omtact electrode by means of an insulation 
member, die tissue contact dectrode being eoqiosed at die «treme distd end of the 
instrument, and die return dectrode having a fluid contact surface spaced proximally 
10 from die exposed end of die tissue contact dectrode by die insulation member, wherein 
the exposed end of the tissue contact dectrode is a part-sphericd surface. 

In a preferred embodiment, the fluid contact surface of die tissue contact dectrode is 
y generdly hemisphericd. 
15 

Advantageously, die tissue contact dectrode is constituted by an active dp defining the 
fluid contact surface of the dectrode and a centrd conductor, the insuladon member 
surrounding die centrd conductor. Prefmbly, die active tip is made of a precious 
metd sudi as platinum or an dloy such as platinumAridium, platinum^mgsten or 
20 platinum/cobdt, or from tungsten. 

Conveniendy, the insulation member t^ers towards the distd end of the instrument 
and is made of ceramic materid, silicone rubber or glass. 

2 S In a preferred embodiment, die tissue contact dectrode has an active tip, die active tip 
having the part-q>hericd exposed end surface, and wAierein die tissue contact dectrode 
is mounted widiin the insulation member in such a manner diat the active tip is axidly 
movable rdative to the insulation member between a first operating position, in v^ich 
the active tip lies against the distd end face of die insulation member, and a second 

30 operating position, in which the active tip is axidly spaced from the distd end face of 
the insulation member. 
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In another preferred embodiment, the insulation member is formed with at least one 
wing, the or each wing extending distally from the instilation member to project 
beyond the tissue contact electrode. Preferably, the insulation member is formed with 
a pair of diametricaMy-opposed wings. TTie wing(s) can be used to trap a laminate 
structure to be treated agunst the tissue contact electrode, and to prevent mmecessary 
exposure of the tissue contact electrode which could otherwise damage adjacent 
structures when working in the confined spaces commonly encountered in endoscopic 
surgery. 



10 Reinvention also provides an electrode unit for an electrosurgical instrument for Ae 
treatment of tissue m the presence of an elecirically<onductive fluid medium, the 
electrode unit comprising a shaft having at one end means for comiection to an 

•nstnmient handpiece, and. mounted on the other end of the shaft, an dect^ 
assembly comprising a tissue contact electrode and a return electrode which is 

15 electrically insulated fiom the tissue contact electrode by means of an insulation 
member, the tissue contact electrode being exposed at the extreme distal end of the 
»»stnm.ent to provide a fluid contact surface, and the return dectn^ 
contact surface spaced proximally from die fluid contact surface of the tissue contact 
electrode by the insolation member, wherein the fluid contact surface of the tissue 

20 contact electrode is a part-spherical surftce. 

TTie invention also provides eiectrosurgical apparatus comprising a radio frequency 
generator and «> electrosurgicd instrmnent for the treatment of tissue in the presence 
of an electrically-conductive fluid medium, the instrument comprising an instrument 

25 shaft, and an electrode assembly at one end of d,e shaft, the electrode assembly 
comprising a tissue contact electrode uid a return electrode which is electrically 
msulated from the tissue contact electrode by means of an insulation member, the 
tissue contact electrode being exposed at d>e extreme distal end of the instrument, die 
return electrode having a flmd contact surface spaced proximally from die exposed end 

30 of Ae tissue contact electrode by the insul«ion member, and d.e radio frequency 
generator having a bipolar outp« comiected to the electrodes, wherein the exposed end 
of die tissue contact electrode is a part-spherical surface. 
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Advantageously, the radio frequency generator includes control means for varying the 
output power delivered to the electrodes^ and the control means is such as to provide 
ou4>ut power in first and second ou^ut ranges, the first output range being for 
powering die electrosurgical instrument for tissue desiccation, and the second output 
5 range being for powmng die dectrosurgical instrument for tissue removal by cutting 
or vaporisaticm. Preferably, the first output range is from about 150 volts to 200 volts, 
and the second output range is firom about 250 volts to 600 volts^ die voltage being 
peak voltages. 

10 The invention will now be described in greater detail, by way of example with 
reference to die drawings, in mdiich:* 

: Figure 1 is a diagrammatic side devadon of an dectrode assembly at a distd end of 
a first form of dectrode unit constructed in accordance with die invention; 

15 

Figure 2 is a graph illustrating die hysteresis which exists between die use of the 
electrode unit of Figure 1 in desiccating and vaporising modes; 

Figure 3 is a diagrammatic side devation of the first electrode unit, showing the use 
20 of such a unit for tissue removd by vaporisation; 

Figure 4 is a longitudind secticm through the electrode assembly of a second form of 
dectrode unit constructed in accordance with die invention; 

25 Figure 5 is a longitudind section through die dectrode assembly of a third form of 
dectrode unit constructed in accordance with die invention; 

Figures 6a and 6b are diagrammatic side devations of the electrode assembly of a 
fourth form of dectrode unit constructed in accordance with the inventions; 

30 

Figures 7 to 9 are diagrammatic side elevations of fifdi to sevoith forms of electrode 
units constructed in accordance with the invention; and 
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Figure 10 is a diagram showing an dectrosurgical apparatus constructed in accordance 
with the invention. 

Each of die electrode units described below is intended to be used widi a conductive 
5 distension medium such as normal saline or aigon, and each unit has a dual-electrode 
structure, with die conductive medium acting as a conductor between the tissue being 
treated and one of die electrodes, hereinafter called die return electrode. Hie other 
electrode is q>plied directly to the tissue, and is hereinafter called the tissue contact 
(active) electrode. In many cases, the use of a liquid distension medium is preferable, 
10 as it prevents excessive electrode tusiperatures in most circumstances, and largely 
eliminates tissue sticking. 

Rrferring to the drawings. Figure 10 shows electrosurgical apparatus including a 
generator 1 having an output socket 2 providing a radio frequency (RF) ou4>ut for an 

15 instrument in the form of a hani^iece 3 via a connection cord 4. Activation of die 
generator 1 may be performed from die handpiece 3 via a control connection in the 
cord 4, or by means of a footswhch unit 5, as shown, connected separately to the rear 
of the generator 1 by a footswitch connection cord 6. In the illustrated embodiment, 
the footswitch unit S has two footswitdies Sa and Sb for selecting a desiccation mode 

20 and a vaporisation mode of the generator 1 req|>ectively. The generator fiont panel has 
push buttons 7a and 7b for re^ectively setting desi c cation and vaporisation power 
levels, vAddk are indicated in a display 8. Push buttons 9a are provided as an 
altemative means for selection between the desiccation and vaporisation modes. 

25 The handpiece 3 mounts a detachable electrode unit E. such as the electrode units El 
to E7 to be described below. 

Figure 1 shows the first form of electrode unit El for detachable fastening to die 
electrosurgical instrument handpiece 3, die electrode unit comprising a shaft 10^ vAkidi 
30 is constituted by a semi-flexible tube made of stainless steel or phynox electroplated 
in copper or goId» with an electrode assembly 12 at a distal end thereof At die other 
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end (not shown) of the shaft 10, means are provided for connecting die electrode unit 
El to the handpiece 3 both mechanically and electrically. 



A radio frequency (RF) gmerator (not shown) is provided for delivering an electro- 
5 surgical current to the electrode assembly 12. The generator includes means for 
vaiying the delivered output power to suit different electrosurgical requirements. The 
generator majf be as described in the q>ecification of our co-pending British Patent 
Application 95 12888.0. 

10 Hie electrode assembly 12 includes a central, tissue contact (active) electrode 14 which 
is made of platinum, platinum^ridium or platinum/hmgsten, and is constituted by a 
generally hraiispherical active tip 14a and an integral central conductor 14b. The 
conductor 14b is electrically connected to a central copper conductor 14c by crimping 
a tiun-walled stainless sted tube 14d over the adjacent end portions of the conductors 

15 14b and 14c» ±eidby providing an electrical connection between the hmdpiece 3 of the 
instrument and the active tip 14a. A ceramic insulaticm sleeve 16 surrounds the 
conductor 14b, die tube 14d and die adjacent end portion of the copper conductor 14c. 
Tbe sleeve 16 is formed with a tapering portion 16a which surrounds the distal end 
portion of the conductor 14b, and widi an inwardly-stepped cylindrical portion 16b. 

20 A return electrode 18, vAndi is constituted by die distal end portion of die shaft 10. 
closely surrounds die sleeve portion 16b and extends over the copper conductor 14c 
in spaced relation thereto. An outer insulating polyimide coating 20 surrounds the 
proximal portion of die return electrode 18. 

25 By varying die ou^ut of the generator, die electrode unit £1 of Figure 1 can be used 
for tissue removal by vaporisation, for sculpturing and contouring menisci during 
arthroscopic surgery, or for desiccation. Figure 2 illustrates how the RF generator can 
be controlled to take advantage of the hysteresis which exists between the desiccation 
and the vaporising modes of die electrode unit El. Thus, assuming die electrode 

30 assembly 12 of the unit El is immersed in a conductive medium such as saline, there 
is an initial impedance "r" at point "O", the magnitude of which is defined by die 
geometry of the electrode assembly and the electrical conductivity of the fluid medium. 
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The value of "r" wiU change when the active electrode 14 contacts tissue, the higher 
the value of V the greater the propensity of the electrode assembly 12 to enter the 
vaporisation mode. When RF power is applied to the electrode assembly 12 the fluid 
medium heats iq>. Assuming the fluid medium is normal saiine (0.9% w/vX the 

5 temperature coefficient of conductivity of the fluid medium is positive, so that the 
corresponding impedance coeffident is negative. TTius. as power is applied, the 
impedance initially falls and continues to fall widi increasing power to point "B". at 
which point the saline in intimate contact with the electrode assembly 12 reaches 
boiling point SmaU vapour bubbles form on the sulkce of the active tip 14a and the 

0 impedance then starts to rise. After point "B". as power is increased further, the 
positive pow«- coefficient of impedance is dominant, so diat increasing power now 
brings about increasing impedance. 



As a vapour pocket fbims fiom die vapour bubbles, tiwre is an increase in die power 
15 density at die residual electrode/isaline inteifece. Tliere is. however, an exposed area 
of die active tip 14a not covered by vapour bubbles, and diis further stresses the 
interface, producing more vapour bubbles and dius even hi^er power density. This 
is a run-away condition, wifli an equilibrium point only occurring once die electrode 
is completely enveloped in vapour. For given set of variables, diere is a power 
20 dirediold before diis new equilibrium can be reached (point "C"). 

The region of die graph between the points "B" and "C", dierefore. represents die upper 
limit of die desiccation mode. Once in die vaporisation equiUbrium state, die 
impedance rapidly increases to around 1000 ohms, widi die absolute value depending 

25 on die system variables. The vapour pocket is tiien sustained by discharges across die 
vapour pocket between die active tip 14a and die vapour/saline interface. Tlie majority 
of power dissipation occurs widun tins pocket, widi consequent heating of die active 
tip 14a The amount of energy dissipation, and die size of die pocket, depends on die 
output voltage. If diis is too low. die pocket will not be sustained, and if it is too high 

30 die electrode assembly 12 will be destroyed. Hius, in order to prevent destruction of 
die electrode assembly 12, die power output of die generator must be reduced once die 
impedance has reached die point "D". It should be noted diat. if die power is not 
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reduced at diis point, the power^mpedance curve will contiiiue to climb and electrode 
destruction would occur. The dotted line E indicates the power level above which 
electrode destruction is inevitable. As die power is reduced, die impedance falls until, 
at point "A", the vapour pocket colitises and die electrode assembly 12 reverts to die 
5 desiccation mode. At diis point, power dissipation widiin the v^ur pocket is 
insufficient to sustam it, so that direct contact between die active tip 14a and the saline 
is re-established, and the impedance falb dramatically. The power density at die active 
tip I4a also falls, so that the temperature of die saline falls below boiling point The 
electrode assembly 12 is dien in a stable desiccation mode. Widi die generator 
10 described in the q>ectfication of our co-pending British patent application 9604770.9, 
the output is 2S0 to 600 volts peak &r die vaporisadon mode, and ISO volts to 200 
volts peak for die desiccation mode. 

It will be afferent that die electiode unit El of Figure 1 can be used for desiccation 
15 by operating die unit in die region of die grqph between the pomt "0" and a point in 
die region between die points "B* and "C*. In diis case, die dectrode assembly 12 
would be introduced into a selected operation site with die active dp 14a adjacent to 
the tissue to be treated, and with die tissue and die active tip and die retum electrode 
immersed in the saline. The RF generator would then be activated (and cyclically 
2 0 controlled as described in the specification of our co-pending Britidi patent application 
9604770.9) to supply sufficient power to die electrode assembly 12 to maintain the 
saline adjacent to die active tip 14a at, or just below, its boiling point widiout creating 
a vapour pocket surrounding die active tip. The electrode assembly would then be 
manipulated to cause heating and desiccation of die tissue in a required region adjacent 
25 to the active tip 14a The electrode unit El can be used for vaporisation in die region 
of the graph between the point "D" and the dotted line F which constitutes the level 
below vibidti vaporisation cannot occur. The upper part of this curve is used for tissue 
removal by vaporisation. In diis mode, a light application of the instrument to the 
tissue to be treated enables sculpmring and contouring to be carried out 

30 

The electrode assembly 12 has a return: active electrode ratio in die range of from 5:1 
to 40:1 (that is to say the ratio of the areas of the two electrodes are in this range). 
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The temperature generated at tbe active tip 14a is of the order of 1 500*^0 in the 
vaporisation mode, which requires the use of platinum or platinum alloys (such as 
platinum^ridium or platinum/tungsten) for fabrication of this member. It is also 
important that die diameter of the tip 14a does not exceed die diameter of the distal 
5 end of tiie tq>ering portion 16a of the ceramic isolation sleeve 16. Otherwise, a direct 
conduction path would be created ^icfa would intensify die power density around diat 
part of tiie active tip 14a yMdi protrudes radially b^ond the isolation sleeve 16. 

Figure 3 illustrates the use of the electrode unit El of Figure 1 for tissue removal by 
10 vaporisation. Thus, die electrode unit EI creates a sufficiently hi^ energy density at 
the active tip 14a to vq)orise tissue 22, and to create a vapour pocket 24 surrounding 
die active tip. The formation of the vapour pocket 24 creates about a 10*foid increase 
in contact impedance, with a consequent increase in ouq>ut voltage. Arcs 26 are 
created in die vqx>ur pocket 24 to complete die circuit to die return electrode 18. 
15 Tissue 22 ixUdi contacts die vi4>our pocket 24 will rq>resent a padi of least dec^ 
resistance to complete die drcuil The closer die tissue 22 comes to die active tip 14a, 
the more energy is concentrated to the tissue, to die extent dutt die cells explode as 
diey are struck by die arcs 26, because the return padi dirough die connective fluid 
(saline in diis case) is blocked by die high impedance barrier of die vapour pocket 24. 
20 The saline solution also acts to dissolve or disperse the solid products of valorisation. 

In use, the electrode assembly 12 would be introduced into a selected operation site 
with die active tip 14a adjacent to die tissue to be vaporised, and widi the tissue, the 
active tip and tbe return electrode 18 immersed in the saline. The RF generator would 

25 then be activated to supply sufficient power (as described above with reference to Fig. 
2) to the electrode assembly 12 to vaporise the saline and to maintain a vapour pocket 
surrounding the tissue contact electrode. When die electrode unit El is used for 
sculpturing or contouring menisci during arthroscopic surgeiy, the electrode assembly 
is applied with light pressure at the selected operation site, and is manipulated so that 

30 the part*spherical surface of the active tip 1 4a moves across the surface to be treated* 
smoothing away tissue, and in particidar menisci, widi a sculpturing or contouring 
action. 
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The electrode unit El of Figure 1 could be modified by diq)ensing with the stainless 
tube 14d and butt welding the two conductors 14b and 14c togedier. The active tip 
14a could also be made of a precious metal such as platinum, a platinum alloy such 
as platinum/tungsten, platinum^ridium or platinum/cobalt» or tungsten, and ttie return 
5 electrode 18 could be made of a stainless steel ftrnde crimped over a copper 
conductor strip. In this case» the outer coating 20 could be a Aermoplastic flexible 
twin lumen tube. Altemativeiy, Ae r^um electrode 18 could be constituted by a 
metallised coating on die proximal end portion of the insulation sleeve 16. In this 
case, a flexible diermoplastics Vabe constituting the sleeve 20 could be formed with 
10 a metallised coating on its inner wall, diis metallised coating being m electrical contact 
with die metallised coating constituting the return electrode. 

Figure 4 shows Ae electrode assmbly 32 of the second form of electrode unit E2. 
The dectrode assembly 32 includes a central, tissue contact (active) electrode 34 which 

15 i^ made of a precious metal such as platinum, a platinum alloy such as 
platinum/tungsten, platinumAridium or platinum/cobalt, or tungsten, and is constituted 
by a generally hemis|rfierical active tip 34a and a central conductor 34b. The 
conductor 34b is soldered or spot welded to a central copper conductor 34c. A 
composite insulation sleeve 36 surrounds die conductor 34b and die adjacent end 

20 portion of the copper conductor 34c 

The sleeve 36 is constituted by a diermal barrier portion 36a made of bead, glass or 
ceramic material, and an injection moulded thermoplastics encapsulation portion 36b. 
A return electrode 38, constituted hy a semioflexible diin walled tube made of stainless 

25 steel or phynox electro*plated in copper or gold, closely surrounds the proximal end 
of die sleeve portion 36b. This tube also constitutes die shaft of die electrode unit E2. 
The tube constituting die return electrode 38 is formed with an in-turned U-shaped 
distal end portion 28a which is encapsulated within the sleeve portion 36b. An outer 
insulating polyimide or FTFE heat shrink coating 40 surrounds the proximal portion 

30 of the return electrodo 38. 
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The electrode unit E2, like the unit El, can be used for desiccation, for tissue removal 
by vaporisation, and for sculpturing and contouring tissue such as menisci during 
arduoscopic surgery. The unit E2 qperates in a similar manner to the electrode unit 
El of Figure 1. Here again, the electrode unit £2 could be modified in a number of 
5 ways. For example, an epoxy or silicone rubber potting could replace the injection 
moulded Aermoplastic encq>sulatibn portion 36b, and the return electrode 3B could be 
constituted by a copper plated glass fibre composite semi-flexible tube whidi surrounds 
the coitral copper conductor 34c at the proximal end Aereof. Alternatively, the sleeve 
portion 36b could be made of an injection moulded polymer, die central conductor 34b 
10 could be made of stainless steel, and the acdve tip 34a could be made of an electro- 
plated predous metal. 

FigureS shovndieelectrodeassembly 42 of die third form of electrode unit E3. The 
' dectiode assembly 42 includes a central, tissue ccmtact (active) tiectrode 44, vAiich is 

1 5 made of a precious metal such as platinum, a platinum alloy such as platinum/tungsten, 
platinum^ridium or platinum/cobalt or tungsten, and is constituted by a generally 
hemispherical acdve dp 44a, and a central conductor 44b. The conductor 44b is spot 
welded or soldered to a central GOiq>er ccmductor 44c. A ceramic insuladon tube 46 
surrounds die conductor 44b, the. cmmic tube terminating at the proximal end diereof 

20 in the region adjacent to the joint between die two conductors 44b and 44c. A return 
electrode 48, constituted by a stainless steel tube, closely surrounds die proximal end 
of the ceramic tube 46. This tube also constitutes the shaft to the electrode unit E3. 
The return electrode 48 is connected to a copper foil return conductor 48a by crimping. 
An outer insulating PTFE heat shrink sleeve SO surrounds the proximal portion of the 

25 return electrode 48. 

Here again, the electrode unit £3 can be used for desiccation, for tissue removal by 
vaporisation, and for sculpturing and contouring. It operates in a similar manner to die 
electrode units El and E2. 

30 

Figures 6a and 6b show a fourth form of electrode unit E4 whose electrode assembly 
52 ^^ich includes an extensible active electrode 54. The electrode unit E4 also 
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includes a ceramic insulation sleeve S6, a return electrode 58 and an insulating sheatfi 
60. As shown in Figure 6a» tiie active electrode 54 can be withdrawn within the 
insulation sleeve 56, so that its active tip S4a only is exposed With Ae active 
electrode 54 in this position, the electrode unit E4 can be used to vaporise tissue or for 
5 smootfung. On Ae other hand, if the active electrode 54 is extended (see Figure 6bX 
so that its support structure 54b extends from die distal end of die sleeve 56, the 
electrode unit E4 can be used for desiccation. The ratio of the contact areas of the 
return to active dectrodes of die unit E4 can, dierefore, be varied between the fully 
retracted active dectrode position Qaa vAdA die ratio is high and die unit is used for 

10 cutting or vaporisaticm), and die extended position (in which die ratio is low and die 
unit is used for desiccation). Of course, die dectrode unit E4 could be used for 
desiccation widi die active dectrode 54 retracted, though diis would not be as elective 
as desiccation widi die active electrode extended. The active tip S4a is made of a 
predous metd such as platinum; a platinum alloy such as platinum/tungsten, platinum 

15 iridium or platinum/cdbdt, or tungsten. 

The dectrode unit E4 achieves its dud funcdcmality by varying die axid separation 
between the active dectrode 54 and the return dectrode 58. Widi a large axid 
electrode separation, a larger dectric fidd is created, so that more tissue is affected. 
20 With a reduced electrode sq[>aration, a smdler dectric fidd is produced, and is used 
for vqporisadon or sculpturing and contouring in drcumstances where no collaterd 
thermd damage to tissue is desirable. The larger dectric fidd pattern is desirable for 
desiccation, or in drcumstances where die desicca ti on of collaterd tissue is desirable 
to prevent haemorriiage from a cut surface. 

25 

The electric fidd pattern may dso be adjusted by recessing die return dectrode of a 
probe*type electrode unit Thus, Figure 7 shows an dectrode unit E5 having an active 
dectrode (only die generdly hemisphericd active tip 64 of which is visible), a tapered 
insulation sleeve 66, a recessed return electrode 68, and an outer insulating sleeve 70. 
30 Here agdn, the electiode unit E5 can be used for desiccation, for tissue removd by 
vaporisation, and for smoothing. Because die return dectrode 68 is recessed, it 
interferes widi dectric field pattern, making the pattern larger. This increased field 
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pattern results in greater tissue interaction, and hence a better desiccation action when 
the electrode unit ES is used in die desiccation mode. 

Figure 8 shows the electrode assembly 72 of the sixdi form of electrode unit E6. The 
5 dectrode assembly 72 includes a central, tissue contact (active) electrode (only die 
generally hemispherical active tip 74 of ^ch is visible), a tapered ceramic insulation 
sleeve 76, a return electrode 78» and an outer insulating sleeve 80. The insulation 
sleeve 76 is formed widt a pair of diametiically-opposed, forwardly extending wings 
76a wdiicfa project beyond the active tip 74. The electrode unit E6 is particularly useful 

10 for electrosurgical (derations on meniscal cartilage or any other dongate laminate 
structure vMdi is to be treated from die side, as the wings 76a can be used to trap the 
cartilage against die active dectrode 74. The configuration of the wings 76a also 
assists in preventing unnecessary exposure of the active electrode 74 which may 
otherwise damage aiiyacent structures yAen working in the confined spaces commonly 

15 encountered in endoscopic surgeiy. 

The mediod of operation of a conventiond bipolar needle probe requires the active 
electrode to be buried in tissue. This requirement stricdy limits die configuration of 
the active dectrode to be of needle or wire form, so as to be compatible with tissue 
20 penetration widiout dectrosurgicd support The dectrosurgicd instrument of the 
present invention, on the other hand, does not suffer from such a design constraint 

Moreover, a conventiond bipolar dectrosurgicd instrxwient requires the return 
electrode to contact tissue before die dectricd circuit is completed This requires die 

25 return dectrode to be positioned dongside the active dectrode, and so obscures 
visudisation of the active electrode during tissue application. This is very 
disadvantageous to die surgeon vrfio, under such drcumstanoes, will be at risk of 
unwittingly dividing an important structure. The dectrode units of the invention do 
not suffer from this disadvantage, as die return dectrode is axidty spaced from the 

30 active electrode. The tq>ering of die insulation sleeve dso helps to provide die 
surgeon wids direct visudisation of die active electrode during tissue application. 
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Anodier important factor iwfaich restricts the use of conventional bipolar instruments, 
is that, for maximum effect the active electrode must be orientated very close to the 
perpradicdar with req>ect to die tissue surface. If diis angle is progressively reduced, 
diere comes a point where the diameter of die retum electrode will prevoit die active 
5 electrode contacting tissue Even before diis point is reached, the ratio of retum to 
active electrode contact area will be elevated to a point wdiere the effect of the active 
electrode will be reduced. Hie bipolar electrosurgical instruments described above do 
not suffer from these disadvantages as the electrode ratio is maintained by the 
conductive fluid medium* and die axial sq>aration between die . electrodes enables die 
10 instrument to be angled widiout the return electrode contacting tissue. 

Where an electrode unit havmg a very small diameter (1 to 2 millimetres) is required, 
. a fabrication technique that is different from diat used for die larger diameter electrode 
: units can be used Thus, in an electrode unit of such a small size, diere is no 

15 requirement to taper the insulatim sleeve between die two electrodes in order to 
improve visualisation of die dp. Figure 9 illustrates a seventh form of electrode unit 
E7 vAndk is constructed using a mediod based on "tube within tube" fabrication. Thus, 
die electrode unit E7 has an electrode assembly S2 having an active electrode (only the 
generally hemispherical active tip 84 of vrfiscfa is visible), an insulation sleeve 86 whidi 

2 0 surrounds a central conductor (not shown) attadied to die acdve tip, a retum electrode 
88 surrounding the sleeve 86, and an outer insulating sleeve 90 surrounding the 
insidating sleeve. The electrode unit E7 could be modified to provide a recessed retum 
electrode 88 by providing an insulating collar at die distal end of the retum electrode. 

25 The active tips 64, 74 and 84 of die embodiments of Figs 7 to 9 are made of a 
precious metal such as platinum, a platinum alloy such as platinum/tungsten, 
platinum/iridium or platinum/cobalt, or tungsten. 

The active electrode tips 14a, 34a, 44a, 54a, 64, 74 and 84 are all "ball" electrodes. 
30 This type of electrode is a specific form of a solid construction active electrode having 
a rounded dssue contact surface. The retumiacdve electrode area ratio of those ball 
electrodes is typically large, being in the range of from 5:1 to 40:1, and preferably in 
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Ae range of from 20:1 to 30:1. Electrodes with this large ratio typically require less 
power to reach the vq>orisation threshold. Moreover, due in part to the low thermal 
mass of such an active electrode, ball electrodes create less thermal effect at the 
marpm of tissue romoval. They are, therefore, primarily intended to produce 
5 controlled vaporisation or contact d^ulking of tissue. They produce a more precise 
effect compared to known high power monopolar elecrosurgical vs^rising electrodes, 
such as those used in EVAP. Similarly, die high ratio limits the desiccating capability 
to a precise spot effect, and reduces the effect progressively &om a maximum when 
perpendicular to the tissue surface to a minimum when nearly parallel to the tissue 
10 suraceL Primarily, therefore, ball dectrodes are end-effect electrodes. 

The rounded tip of such a ball electrode allows for a surface smoothing effect and die 
elimination of any devitalised tissue remaining at the site of q>plication. Where a ball 
electrode is used on dense tissue, such as meniscal cartilage, vAiert there is a 
15 propensity for the electrode to slip during qyplication, the winged design of Figure 8 
can be used to assist with tissue engagement 

As end-effect electrode, this type of ball electrode has tissue debulking precision with 
minimal dimnal spread. Consequently, it can be used to create discrete holes in dssue, 

20 thereby to create an access channel to tissue deep to die surface, as may be required 
as part of an interstitial abladon technique on a tissue mass such as a prostate adenoma 
or a uterine fibroid (myolysis). This use of a vq)orising, end-effect, technique enables 
only the fibroid to be removed by complete debulking leaving a resection margin 
conforming to the "false capsule" of die fibroid. No normal tissue is removed and, due 

25 to control of collateral diermal effects at die endometrial resecdon margin, die scarring 
is reduced to a minimum, thereby increasing vAat diances there were of restoring 
fertility. Additionally, of course, vaporisation does not produce resection chippings to 
interfere with visualisation and prolong die procedure through the need to wash them 
out once the resection is completed. Conventional loop electrode resectoscopes require 

30 removal of normal tissue surrounding such fibroids, and this is disadvantageous 
because it increases the chance of bleeding, the risk of uterine perforation and the 



20 

scarring of the uterus. This latter aspect is particularly undearable when die procedure 
is being performed in an attempt to restore fertility. 

Alternatively, a ball electrode faysteroscope can be used to trim of the resection margins 
5 following use of a more aggressive vaporising electrode, or by using the multiple 
puncture or drilling technique. In Ais case, after removing die intrauterine portion, the 
intramural portion can be treated by creating ("drilling") a series of holes into the 
abnormal tissue ^edier, for example, diis is a fibroid or prostatic adenoma. To assess 
die depdi of penetration, marks may be provided on die electrode shaft at measured 

10 distances ftom die tip, and hence to compare the depdi of penetration against die pre* 
(H)eradve results of tests performed to establish size of the tumour or adenoma. The 
residual tissue bridges will shrink as part of die healing process. Whilst not removing 
die whole tumour, this technique is safer and quicker dian removing die entire fibroid 
or prostatic adenoma, vrfien treatment is bemg performed eidier for menorrhagia or 

15 bladdtf outflow obstruction, respectively. 

Being of a solid form, diese ball electrodes are robust, and this is an important feature 
when such an electrode is introduced dirough an endoscope widi a narrow or tortuous 
working channel, particularly a flexible endoscope widi an angled instrument channel. 

20 

An ardiroseope electrode may be characterised as short (lOO-MOmro), rigid widi a 
working diameter up to 4inm. It can be introduced dirough a stab incision into a joint 
cavity (widi or widiout a cannula) using the triangulation technique. When an 
arthrosoope includes a ball electrode of die type described above, it is operated with 

25 a motion which conunonly moves die ball electrode between the 9 o'clock and 3 
o'clock positims on die ardiroscopic image. As a result, die tissue to be treated is 
commonly approached at a shallow working angle widi respect to die axis of die 
electrode. The electrode for ardioscopy tiius needs to have an effect consistent widi 
diis angled q>proach to die tissue. The tissue to be treated, such as mcniscal cartilage, 

30 is commonly dmse and of a high electrical impedence, such tissue having a free edge 
representing a common injury site v*ere treatment is required. It is difficult to engage 
diis free edge widi the rounded tip of a simple ball electrode, so die winged 
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arrangement of Figure 8 is used for such applications, die wings assisting with tissue 
engagement^ and preventing unwanted effects occurring in adjacent structures; usually 
the articular surfaces of die femur and tibia. 

S One q>plication of this type of ball electrode in arthroscopy, where a precise 
application point of dessiccation is desirably, is in Emulating the laser*assisted capsular 
shift procedure (LACS). This technique involves die application of energy to the inner 
aspect of joint capsules to provide a thermally-induced dirinkage of the collagen fibres 
which support the joint These fibres often become stretched through repetitive strain 
10. injuiies» particularly amongst certain sports people, vAnch renders the joint susceptible 
to partial or complete dislocation. Tightening of die collagen fibres to restore the 
integrity of die joint» using die LACS technique, provides an attractive option to open 
surgical alternatives. 

15 A faysteroscope electrode may be characterised as long (35(M00mm), flexible or semi- 
rigid widi a working diameter ^ically in the range of 1.27-2.86mm (4-9Fr). Such an 
instrument is introduced duou^ a working diannel; and is, therefore, always viewed 
along die axis of die electrode at die 6 o'clock and 12 o'clock positions on die 
bysteroscopic image. This type of electrode assembly is commonly manipulated in a 

20 stroking action against tissue within the field of view of the hysteroscope. 
Alternatively, the active dectrode is held fixed with respect to the hysteroscope, and 
the hysteroscope is manipulated using a combined side-to-side and withdrawal action, 
a so-called "painting" technique. The tissue is commonly more vascular than that 
encountered during arthroscopic surgery, and inadvertent perforation of the uterus 

25 represents a serious complication. It is desirable, therefore, to support a more 
controlled application using electrodes with good desiccation capability using more 
precise movements of the electrode or hysteroscope than is normal during arthroscopic 
procedures. The extensible active ball electrode embodiment of Figure 6 has sufficient 
desiccation power to decrease the retumractive area ratio, and so permit good 

30 desiccation using the painting technique. 
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Id endoscopic urological procedures, there are two main areas of application for this 
type of ball electrode, namely vaporisation of bladder tumour recurrences using a 
flexible <ystoscope. and debulking of Ae prostate gland, as part of an interstitial 
procedure, whilst sparing the prostatic urcdira. The former ^plication requires 
5 perfpnnance characteristics very similar to Aat of Ae hystcroscope as it must be 
introduced through the working channel vAich is often tortuous and angled. In Ais 
case, tumour recurrences are of»en small and treatment is associated wiA little risk of 
haemoniiage. Because of Ae robustoess of Ae ball electrode, such recurrences can 
easily be treated wiA this electrode configuration, de^ite Ae more exacting 
10 requirements of a flexible working channel or Ae use of electrode Arectors 
(mechanical devices ^ch are provided on Ac instrument for changing Ae angle of 
Ae working channel at Ae tip such as Ae Alberron type instrument). 

To produce an access channel to Ae substance of a prostatic adenoma. Ae electrode 
shaft must be directed at a 90* angle wiA respect to Ae shaft of Ae urethrocy stoscope 
vAilst it is in position in Ae prostatic ureAra. This may be done as a prelude to 
int^tial ablation (Aermally-induced necrosis) or interstitial vaporisation, boA 
tedmiques producing a progressive shrinkage or inunediate debulking of Ae prostate 
adenoma deep to Ae ureAral surface. ITiis reduces operative time and Ae level of 
anaesAesia. such Aat Ae procedure may be performed on a day case basis. 
Alternatively, a series of holes can be created wiA Ae islands of preserved urethra 
between Ae a^lication sites regrowing over Aese sites as Ae adenoma shrinks. 

It will be apparent that moAflcations could be made to Ac electrosurgical instruments 
25 described above. For example. Ae insulation sleeves 16, 36, 46. 56, 66. 76 and 86 
could be made of a silicone rubber (such as silicone polyureAane). a polyimide, glass 
or a Aermoplastics material. Also Ae outer insulating coatings 20, 40, 50. 60. 70. 80 
and 90 would be made of polyvinylidene fluoride, polytetrafluoroeAylene, a polyolefin. 
a polyester or eAylcne tetrafluorcAylene. The electrode unit E6 could also be 
3 0 moAfied by varying Ae member of wings 76a. it bemg possible to have a single wing 
or Arec or more wings. 
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1. An electrosurgical instrument for the treatment of tissue in die presence of an 
e)ectrically*conduct]ve fluid medium, the instrument comprising an instrument shaft, 

5 and an electrode assembly at one end of the shaft, fte electrode assembly comprising 
a tissue contact electrode and a return electrode which is electrically insulated from the 
tissue contact electrode 1^ means of an insulation member, the tissue contact electrode 
being exposed at die esctreme distal end of the instrument, and die return electrode 
having a fluid contact surface ^aced proximally from the exposed end of the tissue 
10 contact electrode by the insulation member, wherein the exposed end of die tissue 
contact electrode is a part-q>herical surface. 

2. An electrosurgical instrument as claimed in claim 1, wherein the fluid contact 
surface of the tissue contact electrode is generally hemispherical. 

15 

3. An electrosurgical instrument as claimed in claim 1, wherein the tissue contact 
electrode is constituted by an active tip defining the fluid contact surface of die 
electrode and a central conductor, the insulation member surrounding die central 
conductor. 

20 

4. An electrosurgical instrument as claimed in claim 3, herein the active tip is 
made of a precious metal such as platinum. 

5. An electrosurgical instrument as claimed in claim 3, wherein the active tip is 
25 made of a platinum alloy such as platinum/indium, platinum/tungsten or 

platinum/cobalt 

6. An electrosurgical instrument as claimed in claim 1, wherein the insulation 
member tapers towards the distal end of the instrument 

30 

7. An electrosurgical instrument as claimed in claim 1, wherein the insulation 
member is made of a ceramic material. 
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8. An electrosurgical instrument as claimed in claim 1, wherein the insulation 
member is made of silicone rubber. 

5 9. An electrosurgical instrument as claimed in claim 1, wherein the tissue contact 
electrode has an active tip» the active tip having the part-spherical exposed end surface, 
and vAettm tfie tissue contact electrode is mounted within die insulation member in 
such a manner that die active tip is axially movable relative to the insulation member 
between a first operating position, in which die active tip lies against the distal end 
10 face of the insuladon member; and a second operating position, in which the active tip 
is axially spaced from the distal end face of die insulation member. 

10. An electrosurgical instrument as claimed in claim 1, wherein the insulation 
member is formed wid) at least one wing, die or each wing attending distally from die 

15 insulation member to project beyond die tissue contact electrode. 

11. An electrosurgical instrument as claimed in claim 10, wherein the insulation 
member is formed widi a pair of diametrically-opposed wings. 

20 12. An electrode unit for an electrosurgical instrument for die treatment of tissue 
in die presence of an dectrically-ccmductive fluid medium, the electrode unit 
comprising a shaft having at one end means for connection to an instrument handpiece, 
and, mounted on the other end of the shaft, an electrode assembly comprising a tissue 
contact electrode and a return electrode which is electrically insulated from the tissue 

25 contact electrode by means of an insulation member, the tissue contact electrode being 
exposed at the extreme distal end of the instrument, and the return electrode having a 
fluid contact surface spaced proximally from the exposed end of the tissue contact 
electrode by the insulation member, wherein the exposed end of die tissue contact 
electrode is a part-spherical surface. 

30 

13. Electrosurgical apparatus comprising a radio frequency generator and an 
electrosurgical instrument for the treatment of tissue in the presence of an electrically- 
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conductive fluid medium, the instrument comprising an instrument shaft, and an 
electrode assembly at one end of die shaft, the electrode assembly comprising a tissue 
contact electrode and a return electrode which is electrically insulated from the tissue 
contact electrode by means of an insulation member, the tissue contact electrode being 
5 exposed at the extreme distal end of the instrument, the return electrode having a fluid 
contact surface spaced proximally from the exposed end of die tissue contact electrode 
by the insulation member, and the radio frequency generator having a bipolar output 
connected to die electrodes, herein die exposed end of die tissue contact electrode is 
a part-spherical surface. 

10 

14. Apparatus as claimed in claim 13, wherein the radio frequent generator 
includes control means for varying the ou4>ut power delivered to the electrodes. 

' IS. Apparatus as claimed in claim 14, \^erein the control means is such as to 
15 provide output power in first and second output ranges, the first output range being for 
powering the electrosurgical instrument for tissue desiccaticm, and the second output 
range being for powering the electrosurgical instrument for tissue removal by cutting 
or vsq>orisation. 

20 16. Apparatus as claimed in claim 1 S, wherein the first output range is from about 
ISO volts to 200 volts, and the second output range is from about 2S0 volts to 600 
volts, the voltage being peak voltages. 



